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Introduction
22
Water and energy are crucial components of steel production (Wolters et al., 23 2008). China is a major producer of iron and thus contributes to the development 24 of the international iron and steel industry. Table 1 
35
FWC denotes the fresh water used in the production of 1 tonne of iron and steel.
36
The term "fresh water" is used to refer to fresh tap water, groundwater, or surface 37 water added to the water system of an iron and steel factory, excluding the However, this method does not consider the influence of virtual water on energy 52 expenditures and other production expenditures (from the supply chain) and 53 disregards the environmental influences generated by wastewater discharge.
54
Thus, a comprehensive indicator must be established to assess the pressure on 55 the water resources and water risk of the iron and steel industry. 
81
In contrast to WC, the total water footprint includes direct WC and virtual water, 
95
Green water cannot be generally used by industrial facilities unless they 96 implement a rain water harvesting system. Virtual water may be consumed far 97 away from the industrial facility, with no direct impact on local water resources.
98
Thus, adding these footprints generates values that don't have a clear 99 environmental impact.
100
Energy and water sustainability are inextricably intertwined in the industry.
101
Thus, the nexus between energy and water has generated great research interest In this work, an overall system analysis is performed to assess water footprint.
150
In the process of calculating the water footprint, we consider direct WC, energy 
Research model
186
From the water footprint calculation model, the following formula is obtained:
188
where WCF is the water consumption footprint, DWF is the direct water footprint,
189
and VWF is the virtual water footprint. Here,
191
where WFobtained is the amount of water obtained, WFD-discharge is the amount of 192 direct water discharge, and WFloss is the water loss caused by evaporation, infiltration, and by-products.
194
The virtual water footprint calculation for a steel mill is complex because it A steelworks enterprise in Eastern China was used as an example in this study.
246
This enterprise offers a complete raw material production process for iron 247 making, steel making, continuous casting, steel rolling and other processes using 248 advanced equipment. In 2011, the enterprise produced 4.46 × 10 6 tonnes of steel.
249
According to the overall system analysis method, the DWF of the enterprise in of integrated wastewater discharge and dilution ratio needed.
281
The sewage from the steelworks is sent to the regional sewage treatment plant, The iron and steel industry not only has a significant water consumption, but 328 also poses significant water-related hazards. The gray water footprint of the 329 selected steelworks enterprise is nearly 27 times total WC (blue water) footprint. 
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Comparison of the three indicators of water consumption
337
Large amounts of water are used for steel production processes. The quality of 338 wastewater discharged by the iron and steel enterprise in Table 3 shows that its 
343
Compared to FWC and WC, the water footprint estimate has more uncertainties.
344
The total water footprint not only considers the water footprint of the enterprise 345 itself but also takes into account the water footprint of the external supply chain.
346
As shown in this case study, the virtual water footprint can be much greater than 347 DWF. While it is challenging to assess the virtual water footprint, it is important 
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19
Unlike FWC and WC, water footprint can comprehensively evaluate the water 376 risk of the iron and steel industry and is helpful for water resource management.
377
Analyzing the water footprint can provide managers a better knowledge of the 378 enterprise water resources use, and thus reduce risks. Through this analysis,
379
enterprise can take actions for better water resources management, such as 380 green production design, water system management, supply chain management 381 and wastewater management. The purpose of all these analyses is to reduce the 382 water footprints of the enterprise, to eventually reach sustainable development.
383
The water supply risk for the industry could be evaluated considering the efficiency measures, as well as source energy from more water-efficient suppliers.
406
In addition, using new energy resources such as wind power to reduce the 407 energy costs of water footprints is recommended.
408
Although the enterprises' discharge of sewage is within the national footprint.
422
Chemicals with small water footprints should be chosen for obvious reasons. 
Sensitivity analysis
472
A sensitivity analysis was conducted to understand how parameter variability significantly reduce the uncertainty in virtual water footprint estimates.
481
For the gray water footprint assessment, the discharged water quality is the 
496
The system boundary analysis method is proposed in this work to develop a 
